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ABSTRACT 
In this study, the occurrence of culturable Vibrio cholerae serogroup O1 and O139 in three 
selected Tanzanian Estuaries, Mzinga, Pangani and Ruvu were explored. A total of 480 water and 
plankton samples were collected along salinity gradients (fresh, brackish and marine waters). 
Samples were enriched in Alkaline Peptone Water (APW) and subsequently cultured on Thiosulfate 
Citrate Bile-Salt Sucrose (TCBS) agar. Resulting isolates were serially identified by oxidase test, 
API-20E test and monoclonal antibodies for V. cholerae serogroup O1 and O139. A total of 670 
presumptive V. cholerae isolates were obtained from 416 samples (86.7%), where 137 (20.4%) 
were oxidase test positive. Out of the oxidase test positive, 96 (70.8%) were further confirmed by 
API 20E to be V. cholerae while only 8 isolates were ascertained by monoclonal antibodies to be V. 
cholerae O1 and 1 isolate to be V. cholerae O139. This indicated that, apart from the few V. 
cholerae O1 and O139 confirmed serogroups, there is still a large percentage of V. cholerae non-
O1/O139. Similarly, both V. Cholerae serogroups O1 and non-O1/O139 were observed in clinical 
samples suggesting a close link between the existence of the bacterium in aquatic environments 
and cholera outbreak. 
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INTRODUCTION 
Cholera is a waterborne infectious disease 
caused by the bacterium Vibrio cholerae, 
which colonizes the small intestine in 
humans (Emchet al. 2008). The disease is 
characterized by devastating watery 
diarrhoea, caused by an enterotoxin known 
as cholera toxin (CT) produced by the 
bacterium. The infection leads to rapid 
dehydration, which may cause death within 
a few hours to untreated patients (Emchet al. 
2008). V. cholerae, a comma-shaped 
bacterium, gram-negative rods, is found 
abundantly in marine environment. It is an 
oxidase positive and when grown on 
Thiosulfate Citrate Bile-Salt Sucrose (TCBS) 
agar it produces flat, golden-yellow colonies 
in the first 18 hours of incubation 
(Uchiyama 2000). V. cholerae displays a 
wide variation in colony morphology 
ranging from round to irregular and a wide 
range of salinity tolerances (Peterson 2002, 
Karl 2007). 
 




Since the discovery that V. cholerae is not 
only a pathogen but also a marine bacterium 
it has been reported in coastal environments 
around the world, both in areas where 
cholera is endemic and in cholera disease-
free areas (Islam and Sack, 1994, Huq et al. 
2001, Karunasagar et al. 2003). Today, it is 
well known that cholera occurs in regions 
with natural aquatic reservoirs where the 
bacteria can persist in a free-living state, or 
in association with phytoplankton, 
zooplankton and detritus (Nelson et al. 
2009). These natural aquatic reservoirs play 
a significant role in cholera epidemiology by 
favouring persistence of the pathogen in 
periods between epidemics (Vezzulli et al. 
2010). Thus, the dynamics of cholera has 
been linked to climate and oceanographic 
conditions such as temperature, salinity, 
rainfall, wind direction, nutrients, chitin and 
plankton (de Magnyet al. 2008, Fernandez et 
al. 2009,Vezzulliet al. 2010, Filho et al. 2011, 
Traerup et al. 2011).  
 
Water temperature has been shown to be one 
of the most important factors that govern the 
seasonal and geographical variation of V. 
cholerae (Lippet al. 2002, Alamet al. 2007, 
Igbinosa and Okoh 2008). Also, Paz (2009) 
showed that air temperature and sea surface 
temperature at local scale, as well as 
anomalies at hemispheric scales, had 
significant impact on cholera incidence in 
the South and Eastern Africa. It has also 
been suggested that aero plankton and adult 
midges carry V. cholerae between bodies of 
water (Broza et al. 2005). Similarly, Paz and 
Broza (2007) suggested that the monsoon 
wind direction was associated with cholera 
dissemination patterns. They showed a 
relationship between the intercontinental 
distribution of cholera epidemics and 
dominant wind direction over land. In 
addition, surveillance reports suggest that 
cholera usually strikes villages in coastal 
regions before cases occur inland (Nair et al. 
1994, Kierec 2003). 
 
Cholera can only be transmitted to humans 
through eating food or drinks contaminated 
with enterotoxin producing V. cholerae. In 
developed world, seafood is the most 
common cause of cholera while in 
developing world water is often the source 
of infection (Sacket al. 2004, Griffith et al. 
2006). There are more than 200 serogroups 
of V. cholerae based on the O-antigens. 
However, only serogroup O1 and O139 have 
been found to cause cholera epidemic and 
pandemic in humans (Igbinosa and 
Okoh2008). The O1 serogroup of V. 
cholerae is divided into two biotypes, 
classical and El Tor with the latter being 
responsible for the most recent cholera 
pandemic (Butterton and Calderwood 1995, 
Faruque et al. 2004). The El Tor type is 
further classified into Inaba, Ogawa, and 
Hikojima serotypes (Ojha 2013). However, 
more recent studies have shown the 
existence of ctxA in certain strains of non-
O1/O139 serogroups (V. cholerae O10, O11, 
O12, O35, O37 and O75) of both clinical 
and environmental origin (Chakraborty et al. 
2000, Nandi et al. 2000). These strains have 
been implicated as the causative agents of 
cholera-like diseases in India and United 
States of America (Tobin-D’Angelo et al. 
2008, Chatterjee et al. 2009, Dutta et al. 
2013). 
 
Cholera cases in Tanzania escalated from 
1,671 cases in 1977 to 40,226 in 1997 
(Ministry of Health 1997, WHO 1998) with 
some of the highest fatality rates (5.5%) in 
Africa. Since then outbreaks of various 
magnitudes continued to re-occur, where by 
Lugomela et al. (2014) reported number of 
cholera cases amounting to 43,560 on 
mainland Tanzania between year 2004 to 
2010. More recently high number of cases 
amounting to 23,258 was reported by Narra 
et al. (2017) to have happened between 
15
th
August 2015 and 26
th
November 2016. 
The study by Lugomela et al. (2014) showed 
that five coastal regions of mainland 
Tanzania, Tanga, Pwani, Dar es Salaam, 
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Lindi, and Mtwara with approximately 20% 
of the total population, accounted for almost 
50% of the cholera cases and 40% of the 
total mortality. The authors linked this to 
proximity of the coastal regions to the 
marine environment, which as stated before 
is the natural reservoir for V. cholerae. The 
seasonal cholera outbreaks in Tanzania have 
been linked to seasonal rainfall and or floods 
(Mhalu et al. 1987, Acosta et al. 2001) while 
hospital outbreak transmissions were 
associated with close person-to-person 
contact (Mhalu et al. 1984). However, it is 
worth noting that outbreaks may also occur 
during the dry season, especially when there 
is a shortage of clean potable water (Mpazi 
and Mnyika 2005, Lugomela et al. 2014, 
Narra et al. 2017). 
 
Studies on the association between cholera 
outbreaks and environmental factors in East 
Africa are limited to the Lake Victoria Basin 
(Shapiro et al. 1999, Olago et al. 2007). 
More recently however, Dalusi et al. (2015) 
identified toxigenic V. cholerae in estuaries 
of Tanzania using conventional PCR 
techniques. Similarly du Preez et al. (2010) 
working in an estuarine of Beira, 
Mozambique, detected the O139 strain using 
direct fluorescent antibody methods. 
However, du Preez and co-workers were 
unable to culture and obtain an isolate for 
this serogroup, nor could they confirm their 
results using molecular techniques. Thus the 
objective of this study was to elucidate the 
occurrenceof the pathogenic V. cholerae 
strains, O1 and O139 based on culture 
methods in relation to some environmental 
parameters. In addition, environmental 
isolates of V. cholerae serogroups O1 and 
O139 were compared with clinical isolates 
from cholera patients of Tanga and Dar es 
Salaam Regions, Tanzania. 
 
MATERIAL AND METHODS 
Study sites and station 
Sampling was done in three coastal regions; 
Tanga, Pwani and Dar es Salam, of Tanzania. 
These regions most often face cholera 
outbreaks (Lugomela et al. 2014). In each 
region, one estuarine system (Study Site) 
was selected; Pangani Estuary in Tanga, 
Ruvu Estuary in Pwani, and Mzinga Creek 
in Dar es Salaam. In each Study Site, three 
sampling Stations (ST) were established 
depending on the level of salinity; Station 1 
was in the riverine (fresh water), Station 2 in 
brackish waters and the Station 3 in the 
marine waters. The locations of the sampling 
stations are shown in Table 1 and they are 
the same as those of Dalusi et al. (2015) as 
the two studies were done simultaneously.   
 
 






























Samplings and measurements of environmental parameters  




Sampling for environmental parameters was 
conducted on a monthly basis from July 
2009 toJune 2010 during high tidewater 
periods between 08.00 and 11.00am. 
Triplicate water samples were collected at 
each station (on the shores and at the middle 
of the creek) by submerging the 2 litre bottle 
to a depth of about 20 cm. Plankton samples 
were obtained by towing a 20 µm and 80 µm 
mesh sized plankton net using a motorized 
boat for about 5 minutes. Water samples for 
determination of inorganic nutrients 
(phosphate andnitrate and ammonium) were 
then filtered through 0.45 μm pore sized 
Millex-GS Millipore filters (France). The 
filtered water samples were kept in 100 mL 
acid cleaned plastic vials and immediately 
kept cool on ice for transport to a deep-







 were done using a 
Shimadzu spectrophotometer (Japan) as 
described by Parsons et al. (1984). Other 
environmental parameters including salinity, 
water temperature, pH and Dissolved 
Oxygen (DO) were recorded in-situ using a 
multi-parameter probe (Horriba U-10, 
Japan). Water and plankton samples were 
collected in separate sterile bottles of 500 ml 
and kept in a cool box. The samples were 
then transported to laboratory for analysis. 
 
Isolation and quantification of V. cholerae 
Isolation of V. cholerae strains from water 
and plankton samples was done on a 
monthly basis for nine months (October 
2009 to June 2010) by filtering 250 ml of 
water onto a 0.45 µm filter membrane 
(Millex-GS Millipore filters, France). For 
plankton samples, 25 ml were filtered onto 
0.45 µm filter membrane. The filters were 
then inoculated into 15 ml Alkaline Peptone 
Water (APW), and incubated at 37ºC for 8 
hours, as described by Alam et al. (2006). 
The culture was further sub-cultured on 
Thiosulfate Citrate Bile-Salt Sucrose (TCBS) 
agar medium at 37ºC for 24 hours. Bacterial 
colonies, which were sucrose-positive and 
yellow, were selected as putative V. cholerae 
and inoculated into fresh sterile TCBS 
medium. The isolates were analyzed 
biochemically and serologically at 
Muhimbili University of Health and Allied 
Sciences, Tanzania. For quantitative analysis, 
0.5 ml of water samples were inoculated on 
TCBS agar media using plate spread 
technique and incubated at 37
o
C for 24 hrs 
(Choopun et al. 2002, Alarm et al. 2006). 
The resulting 1 – 3 mm yellow colonies 
were counted as presumptive colony 
forming units (cfu) of V. cholerae (Choopun 
et al. 2002). 
 
Biochemical and serological identification 
of V. cholerae isolates  
Sucrose-positive yellow colonies of 1–3 mm 
diameter on TCBS agar from both water and 
plankton samples were sub-cultured on 
nutrient agar (NA) medium at 37ºC for 24 
hours and subjected to oxidase test for 
preliminarily identification of V. cholerae, 
as described by Isenberg (2004). Oxidase 
positive (dark purple color within 10 
seconds) isolates were subjected to 
Analytical Profile Index (API) tests to 
confirm the presence of V. cholerae. The 
tests were done using API 20 E kit 
(BioMérieux, USA), which consists of 
twenty biochemical tests noted especially by 
the color reactions for amino acid 
decarboxylations (Arginine Dihydrolase 
through Ornithine Decarboxylase) and 
carbohydrate fermentations (Glucose 
through Arabinose). Confirmed V. cholerae 
isolates were subjected to polyvalent V. 
cholerae serogroup O1 and polyvalent V. 
cholerae serogroup O139 agglutinating 
antisera, respectively, to identify the 
presence of V. cholerae serogroups O1 and 
O139.  V. cholerae serogroup O1, were 
further analyzed for serotype Ogawa and 
Inaba using specific agglutinating antisera 
tests as described by Furniss and Donovan 
(1974). 




Screening of Clinical Isolates of V. 
cholerae 
The source of clinical isolates of V. cholerae 
O1 used in this study were from 
Microbiology Laboratory of Muhimbili 
University of Health and Allied Sciences, 
Dar es Salaam, Tanzania. These were 
collected from 12 cholera patients (admitted 
between August 2009 and December 2011) 
in Korogwe District Hospital in Tanga (8) as 
well as Mburahati and Buguruni Health 
Centers in Dar es Salaam Region (4). The 
clinical isolates were sub-cultured in TCBS 
and treated in the same way as the 
environmental isolates.  
 
Statistical analyses 
Data is presented as mean values ± Standard 
Deviations and compared among sites and 
stations by using Kruskal Wallis (KW) 
followed by the post hoc Dunn’s Multiple 
Comparison Test due to the fact that data 
was not normally distributed. Correlations 
were performed using the Spearman’s Rank 
Correlation Test. All analyses were done 
using GraphPad Instant tm 1990–1993 
software (GraphPad Software Inc. San 
Digeo, USA). A P-value of ≤ 0.05 was 




(NIMR/HQ/R.8a/Vol.IX/1155) for the 
current study was obtained from the 
National Institute for Medical Research 




Environmental parameters  
Mean values for environmental parameters 
are presented in Table 2. As expected, 
salinity and conductivity values tended to 
increase from the fresh water to marine 
water Stations. Salinity ranged from an 
annual average value of 1.58 ± 2.73 
recorded at Station 1 in Ruvu Estuary to the 
highest mean value of 33.6 ± 2.42 at Station 
3 in Mzinga Creek. Conductivity was lowest 
with an annual average value of 3.67 ± 4.08 
mS/cm at Station 1 in Ruvu Estuary to a 
highest value of 44.9 ± 2.03 mS/cm at 
Station 3. Water temperature on the other 
hand did not show a clear trend among the 
sampling stations with an average value of 
28.3 ± 2.15 
o
C at Station 1 in Mzinga Creek 
and the highest mean value of 30.2 ± 3.10 
o
C 
at Station 2 in Mzinga Creek. pH values 
generally increased as one moves from 
Freshwater Station to the Marine waters 
ranging from an annual average value of 
7.76 ± 0.46 at Station 2 in Mzinga Creek to 
8.14 ± 0.27 at Station 3 in Pangani Estuary. 
The amount of Dissolved Oxygen in the 
water column did not show a clear trend 
among the sampling stations and ranged 
from the lowest annual mean value of 5.20 ± 
1.19 mg/l at Station 3 in Mzinga Creek to 
6.83 ± 2.37 mg/l at Station 2 at the same 
Mzinga Creek. Phosphate levels were lowest 
(0.91 ± 0.88 µmol/l at Station 2 in Mzinga 
Creek to the highest value of 3.50 ± 1.21 
µmol/l at Station 1 in Pangani Estuary. 
Nitrate concentration was lowest (2.31 ± 
2.07µmol/l) at Station 3 in Ruvu Estuary and 
highest (9.74 ± 5.02 µmol/l) at Station 2 in 
Mzinga Creek. The amount of ammonia in 
the water column ranged between lowest 
annual mean value of 0.56 ± 0.34 µmol/l at 
Station 2 in Mzinga Creek to a highest value 

















Table 2: Annual mean values (± Standard Deviations) of the environmental parameters and 
nutrients (Phosphate, Nitrates and Ammonium), in the Study Sites and Study Stations 
 
Parameter Mzinga Creek Ruvu Estuary Pangani Estuary 
 ST2 ST 3 ST1 ST2 ST3 ST1 ST2 ST3 
Salinity 24.0±6.94 33.6±2.42 1.58±2.73 13.2±9.75 32.9±2.66 4.44±4.84 14.7±8.04 31.3±4.27 
Conductivity 33.3±13.5 43.2±4.22 3.67±4.08 18.1±13.2 44.9±2.03 8.31±6.62 24.5±8.26 43.5±1.11 
Temperature 30.2±3.10 29.3±2.08 28.3±2.15 28.5±1.85 28.7±1.69 29.0±1.96 29.2±1.99 28.7±1.82 
pH 7.76±0.46 8.07±0.29 7.48±0.43 7.81±0.47 8.21±0.23 8.01±0.37 7.99±0.34 8.14±0.27 
DO 6.83±2.37 5.20±1.19 6.56±1.19 6.32±1.21 5.78±1.42 5.97±0.84 6.65±1.41 6.29±1.49 
Phosphate 0.91±0.88 1.00±0.85 2.72±1.93 1.45±0.05 1.00±1.06 3.50±1.21 2.03±1.13 1.18±1.40 
Nitrate 9.74±5.02 4.03±2.42 8.75±1.88 6.79±4.44 2.31±2.07 5.81±3.18 5.05±3.60 1.37±0.87 
Ammonium 0.56±0.34 1.17±1.01 1.38±1.17 0.67±0.38 0.55±0.31 1.46±1.27 0.62±0.39 0.54±0.37 
 
Number of presumptive V. cholerae 
colonies  
The total number of presumptive V. cholerae 
colonies in water samples is presented in 
Figure 1. In Pangani Estuary, the number of 
presumptive V. cholerae counts ranged from 
14 cfu/ml as recorded at Station 1 and 
Station 3 in October 2009 to 532 cfu/ml at 
Station 1 in March 2010 (Figure 1A). Ruvu 
Estuary showed the lowest number (4 cfu/ml) 
at Station 2 in March 2010 to the highest 
value (206 cfu/ml) recorded in April 2010 at 
Station 2 (Fig. 1B). Mzinga Creek had the 
lowest and the highest values (14 cfu/ml and 
262 cfu/ml) at Station 3 in December 2009 
and January 2010 respectively (Figure 1C). 
Pangani site showed the highest mean value 
of 123.9 ± 152.1 cfu/ml followed by Mzinga 
Creek (112.0 ± 77.94) and Ruvu Estuary 
(44.96 ± 47.89). There was a significant 
difference in the number of presumptive V. 
cholerae counts among the sampling sites 
(KW = 13.605, p = 0.0011) with Dunn’s 
multiple comparison test indicating the 
differences to be between Pangani and Ruvu 
Estuaries (p < 0.01) as well as between 
Mzinga Creek and Ruvu Estuary (p < 0.01) 
but not between Pangani and Mzinga Creek 
(p > 0.05). The mean values for number of 
presumptive V. cholerae was highest at 
Station 3 (97.41 ± 134.2) followed by 
Station 2 (88.52 ± 73.77) and Station 1 
(86.33 ± 120.5). However, there was no 
significant difference in number of 
presumptive V. cholerae colony counts 
among the sampling stations (KW = 0.4523, 
P = 0.7976). There was a significant positive 
correlation between the numbers of 
presumptive V. cholerae colonies with the 
amount of dissolved oxygen in the water 
column (r = 0.2378, p = 0.044). However, 
there was no significant correlation between 
the numbers of presumptive V. cholerae 
colonies with all other environmental 
variables tested in this study (r = 0.2179, p = 
0.6041; r = 0.255, p = 0.5578; r = 0.4901, p 
= 0.2176; r = 0.2227, p = 0.5961; r = -
0.0434, p = 0.9187; r = -0.1229, p = 0.7719; 
r = 0.1429, p = 0.7520 for salinity, 
conductivity, temperature, pH, Phosphate, 
Nitrate and Ammonia, respectively). 
 

























































































Figure 1: Total number of V. cholerae like colony counts in water samples collected from the 
various sampling stations at Pangani Estuary (A), Ruvu Estuary (B) and Mzinga Creek 
(C) 
Pure culture of environmental and 
Clinical Isolates V. cholerae 
A total of four hundred and sixteen (416) of 
presumptive V. cholerae colonies were 
isolated on TCBS agar to pure culture from 
water and composite plankton samples. Out 




of these, only 137 (33%) isolates were 
oxidase test positive of which 36 isolates 
were from fresh water, 47 from brackish and 
54 from marine water. Of the 137 oxidase 
positive isolates, 96 isolates (about 23% of 
all V. cholerae like colonies on TCBS) were 
biochemically confirmed using API 20E kit 
as V. cholerae (Table 3). Out of the 96 API 
20E positive, 26 were from fresh water 
Stations, 31 from brackish and 39 from the 
marine water.  
 
Results from antisera agglutinations showed 
that, out of the 96 API 20E positive V. 
cholerae isolates, only 8 (8.3%) isolates 
were identified to be V. cholerae serogroup 
O1 whereby 2 of these isolates agglutinated 
to mono-valent antiserum as serotype 
Ogawa. One of these isolate originated from 
marine water samples in Ruvu Estuary while 
the other was from brackish plankton sample 
from Mzinga Creek. An additional isolate of 
the V. cholerae serogroup O1 from marine 
plankton sample from Ruvu Estuary 
agglutinated to Inaba antiserum while the 
rest did not agglutinate to either of these two 
mono-valent antisera. One isolate, from 
marine water environment in Ruvu Estuary 
agglutinated to poly-valent V. Cholerae 
serogroup O139 antiserum. 
 
Twelve clinical isolates on TCBS agar 
showed characteristic colonies suggestive of 
V. cholerae and were all oxidase and API 
20E positive. Seven of these (58.33%) were 
serologically confirmed to be V. cholerae O1 
serotype Ogawa. The remaining 5 (41.67%) 
isolates did not agglutinate with either O1 or 
O139 serogroups and therefore considered to 
be none-O1/O139 (Table 3).  
 
 
Table 3: Number of environmental and clinical presumptive V. cholerae isolates that showed 






 Type of serological test 
Oxidase 
Test 














ST 1 Water 9 7 0 - 0 7 
Plankton 18 13 0 - 0 13 
ST 2 Water 2 1 0 - 0 1 
Plankton 14 11 0 - 0 11 
ST 3 Water 5 4 1 0 0 3 




ST 1 Water 2 2 0 - 0 2 
Plankton 7 4 0 - 0 4 
ST 2 Water 2 2 0 - 0 2 
Plankton 9 4 0 - 0 4 
ST 3 Water 5 4 1 1 Ogawa 1 2 
Plankton 10 5 1 1 Inaba 0 4 
 
Mzinga 
ST 2 Water 7 4 0 0 0 4 
Plankton 13 9 2 1 Ogawa  0 7 














Total   137 96 8 3 1 87 
 
Clinical Samples 
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DSM - - 4 4 3 3 Ogawa 0 1 
Tanga - - 8 8 4 4 Ogawa 0 4 
Total   12 12 7 7 0 5 
- = not tested; DSM = Dar es Salaam 
 
DISCUSSION 
Our culture-based analysis indicated that the 
numbers of presumptive V. cholerae colonies 
in the water along the coast of Tanzania are 
comparable to those reported for coastal 
areas of Bangladesh (Haque 2011). 
Significantly higher number of presumptive 
V. cholerae was found at Pangani Estuary 
and Mzinga Creek compared to Ruvu 
Estuary. This may be attributed to the fact 
that Pangani Estuary and Mzinga Creek are 
much close to human settlements compared 
to Ruvu Estuary where the closest town of 
Bagamoyo is some 5 km away. Although 
there was no significant difference in the 
number of presumptive V. cholerae among 
the sampling stations, a general increase 
towards Station 3 (marine waters) was noted. 
According to Tamplin et al. (1990), the 
bacterium, V. cholerae is a halophilic 
organism, which requires elevated pH and 
NaCl for optimal growth. However, growth 
requirements for the bacterium based on 
culture-based characterization should be 
cautiously interpreted, as requirements in 
nature may be quite different. 
 
The fact that only 23% of the TCBS isolates 
were confirmed API 20E test to be V. 
cholerae strains could be due to failure of 
the TCBS technique to select only for V. 
cholerae. Due to failure of TCBS isolation 
technique to select V. cholerae, the obtained 
number may be considered a fraction of 
existing total V. cholerae. Several literatures 
have indicated that over 99% of the 
environmental bacteria are non-culturable or 
difficult to culture even though are viable 
(Rappe and Giovannoni 2003, Binsztein et al. 
2004, Imamura et al. 2015). Moreover, V. 
cholerae persists in aquatic environments 
predominantly in a non-culturable state, a 
situation known as the viable-but-non-
culturable state (Alam et al. 2007). 
Furthermore, during the dormant stage when 
the reproduction condition is not suitable, 
the populations of V. cholerae sink and 
survive in the silt at the bottom of the 
estuary, appearing completely absent from 
plankton populations and waters until 
conditions are suitable for reproductive 
success (Colwell et al. 1996).  
 
To the best of our knowledge this is the first 
quantitative study on V. cholerae in 
Tanzanian coastal waters confirming the 
occurrence of similar strain in environmental 
and clinical samples using culture 
techniques. The occurrence of V. cholerae in 
water samples and clinical isolates in 
Tanzania corresponds to a study by Rivera et 
al. (2001) of which clinical and 
environmental isolates were obtained from 
Brazil, Peru, Chile, Mexico, India and 
United States of America as well as Lipp et 
al. (2003) who collected environmental 
samples in Peruvian waters and Alam et al. 
(2006) in Bangladesh. Since V. cholerae O1 
and O139 serogroups have major 
epidemiologic roles in cholera, this 
necessitated the importance of this study in 
investigating whether V. cholerae present in 
the Tanzanian coastal environment belong to 
either of these pathogenic groups. The 
results of this study revealed the occurrence 
of culturable strains of pathogenic V. 
cholerae O1 and O139 in the coastal 
environments. This suggests that the source 
of the cholera outbreak from these patients 
could be from the natural water bodies. The 
results mirror other studies that have 
recovered serogroup O1 in environmental 
samples and patients (Acostaet al. 2001, 
Naha et al. 2013) as compared to serogroup 




O139. Serogroup O1 is known to be 
responsible for the 7
th 
(1961to 1975) 
pandemic (Nandi et al. 2000, Fenget al. 
2008, Ramamurthy and Nair 2010) and is 
commonly reported in clinical studies of 
cholera endemic outbreaks in East Africa 
(Feikin et al. 2010).  
 
The current study confirms the occurrence 
of toxigenic V. cholerae O139, which was 
reported for the first time in the marine 
environments of Tanzania by Dalusi et al. 
2015. This serogroup has rarely been 
reported for environmental samples and in 
Africa. Another report on environmental V. 
cholerae O139 is that by du-Preezet al. 
(2010) who conducted their study in an 
estuarine of Beira, Mozambique. According 
to the authors, the possibility of a V. 
cholerae O139 outbreaks are seldom 
considered in Africa. This however suggests 
that if the V. Cholerae O139 would cause 
infections, a subsequent consequence could 
be difficulties in preparedness due to 
inexperience in detecting the causative agent, 
which would lead to difficulties in 
management and disease control. We 
therefore recommend that the Ministry of 
Health of Tanzania be aware of the existence 
of this serogroup in estuarine environment 
and to take precautions for possible cholera 
outbreak caused by V. cholerae O139. 
 
Serological analysis indicated that two out 
of the eight environmentally isolated strains 
of serogroup O1 belonged to serotype 
Ogawa and one to serotype Inaba, while all 
seven clinical isolates belonged to serotype 
Ogawa. This observation suggests that the 
remaining majority of the serotypes in 
environmental V. cholerae serogroup O1 in 
the coastal waters are neither Ogawa nor 
Inaba but may belong to alternative 
serotypes such as Hikojima (Ojha 2013), 
which was not analyzed in the current study. 
Similar result were obtained by Acosta et al. 
(2001), where the authors isolated V. 
cholerae strains from stool specimens and 
river water samples that were all Ogawa, 
indicating the importance of this serotype in 
Tanzania. Other studies elsewhere have 
shown the two serotypes to occur 
sporadically at different cholera outbreaks 
(Pal et al. 2006). V. cholerae O1 strains are 
known to be interconvert and to switch 
between the two known serotypes Ogawa 
and Inaba (Garget al. 2000). Serotype 
switching may be related to immune 
pressure on the prevailing serotype, as it has 
been shown that these serotypes are not 
uniformly sensitive to antibiotics (Pal et al. 
2006).  
 
The majority of V. cholerae in the current 
study were found to be from non-O1/O139 
serogroups. Such results have also been 
reported elsewhere (Chakraborty et al. 2000, 
Nandi et al. 2000). Importantly, many 
reports suggest that V. cholerae non-
O1/O139 serogroups with cholera toxin gene 
(ctxA) may be the main causative agents of 
cholera-like diseases (e.g. Bagchi et al. 1993, 
Dalsgaard et al. 1995, Chakraborty et al. 
2000, Nandi et al. 2000). However, some 
studies e.g. Dutta et al. (2013) have shown 
that V. cholerae non O1/O139 serogroups 
without the cholera toxin (ctxA) genes can 
also cause cholera-like diarrhoea. These 
results suggest that the presence of all 
serotypes of V. cholerae in aquatic 
environments should be given careful 
attention, as they may potentially become 
virulent. Further epidemiologic studies are 
recommended to determine the ecology, 
virulence factors, and public health role of 
the recovered V. cholera non O1 and O139 
serogroups in the area. 
 
In conclusion, results of this study showed 
that, pathogenic V. cholerae colonizes a wide 
range of natural aquatic environments as 
they were isolated from water and plankton 
samples in the marine, brackish and riverine 
waters. The presence of the pathogenic V. 
cholerae serogroup O1 and O139 as well as 
non-O1/O139 from the natural environment 
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and in cholera patients suggest a close link 
between the coastal waters and cholera 
epidemics in the area. The current findings 
call for more investigation over period to 
establish the persistence of the different 
serotypes in the Western Indian Ocean 
aquatic environments and in patients during 
cholera outbreaks. Furthermore, studies on 
antibiotic sensitivity of different serotypes 
are also very important so as to get prepared 
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